In this study, an attempt has been made to bring out the observational aspects of vertical wind shear in thunderstorms over Minicoy. Case studies of thunderstorm events have been examined to find out the effect of vertical wind shear and instability on strength and longevity of thunderstorms. Role of vertical wind shear in thunderstorms and its mechanism has been explored in this study. Results reveal that for prolonged thunderstorms high and low instability along with moderate to high vertical wind shear (moderate: 0.003 S −1 ≤ vertical wind shear ≤ 0.005 S −1 and high: > 0.005 S −1 ) play a significant role in longevity and strength of thunderstorms. The mechanism of vertical wind shear in thunderstorms was investigated in a few cases of thunderstorm events where the duration of thunderstorm was covered by the radiosonde/rawin ascent observation taken at Minicoy. Empirical model has been developed to classify thunderstorm type and to determine the strength and longevity of thunderstorms. Model validation has been carried out for selected cases. Model could classify thunderstorm type for most of the cases of thunderstorm events over island and coastal stations.
Introduction
Thunderstorm is defined as one or more sudden electrical discharges, manifested by a flash of light (lightning) and a sharp or rumbling sound (thunder). It is a mesoscale phenomenon which consists of three stages of evolution, namely, cumulus, mature, and dissipating (Byers and Braham 1949) . The thunderstorms may be classified as single cell, multicell, squall line and supercell (Browning 1977 (Browning , 1986 . It is well known that conditional instability and vertical wind shear of the atmosphere determine the thunderstorm type (Klemp 1987) . Studies have indicated the importance of vertical wind shear in meso-scale systems (Browning and Ludlum 1962; Rao and Mukherjee 1958) .
The presence or absence of conditional instability is one of the favourable conditions for occurrence of a thunderstorm and it is deduced from T -Φ gram (Tephigram) LI is a useful forecasting tool for the prediction of latent instability (Galway 1956 ). Importance of wind shear during pre-monsoon season is also reported by Basu and Mondal (2002) . They have shown that low-to-moderate wind shear in the layer 1.5-3.1 km and moderate-to-large wind shear in layers below and above this layer are favourable for occurrence of thundersqualls over Calcutta. Weisman and Klemp (1982) pointed out that modeled thunderstorms growing in an environment of moderate shear (i.e., 3 × 10
to 5 × 10 −3 s −1 ) show an increasing tendency for organization and supercell characteristics, whereas those growing in an environment of strong shear (i.e., > 5 × 10 −3 s −1 ) develop the most persistent and strong mesocyclones. According to Rasmussen and Wilhelmson (1983) , environments of low shear and low CAPE are conducive for nonrotating thunderstorms while with moderately strong shear (> 3.5 × 10 −3 s −1 ) and high CAPE (> 2500 J/kg) tornadic storms are sustained. The above-mentioned studies by Weismen and Klemp (1982) and Rasmussen and Wilhelmson (1983) were done for cases of mid-latitude thunderstorms. Present study (based on 162 thunderstorm cases) reports that thunderstorms over Minicoy also show vertical wind shear values in the same order as of mid-latitude storms. Minicoy (8.30 • N, 73.15
• E) is a remote island in southeast Arabian Sea. It has an altitude of 2 meters above mean sea level and a geographical size of 4.4 km 2 . This island is isolated from other islands of Lakshadweep and lies at a distance of about 410 km from Kochi, India. During premonsoon months -March to May, this sea area experiences disturbed weather mainly due to synoptic situations like formation of cyclonic storms and depressions, low pressure areas and troughs of low pressure (Ray Choudhary et al 1959; Mukherji et al 1961) . Kandalgoankar et al (2002) have examined thunderstorm activity and Sea Surface Temperature (SST) over the island stations along west coast (Minicoy) of India and found close association with each other which is linked with seasonal establishment of monsoon. Manohar and Kesarkar (2003) have also concluded that south parts of Lakshadweep islands are influenced by thunderstorm activity in association with the convective instability due to summer heating, availability of moisture in preparation for the onset of southwest monsoon. Most of the thunderstorm studies over the Indian region pertain to inland stations. The island stations along west coast (Minicoy) of India experience thunderstorm activities during pre-monsoon months which continue till the onset of southwest monsoon. Thunderstorm activities over Minicoy during pre-monsoon months are one of precursors for the onset of southwest monsoon. In this viewpoint, thunderstorm studies over Minicoy are important.
The main objective of this paper is to investigate characteristics of thunderstorms over Minicoy. In this study thunderstorm classification is done on the basis of wind shear and convective instability. A total of 162 cases of thunderstorms are selected and investigated for finding thresholds of vertical wind shear, CAPE, CINE and LI. The thresholds have been used to develop an empirical model for determining thunderstorm type.
Data and methodology
Present study utilizes the daily radiosonde/rawin data over Minicoy for the period 1991-2006. The data for March, April and May were obtained from the University of Wyoming (http:// weather.uwyo.edu/upperair/). Information regarding occurrence of thunderstorms was obtained from India Meteorological Department (IMD).
Vertical wind shears in all the layers of the atmosphere at 0000 UTC and 1200 UTC during the days when thunderstorms occurred have been computed using formula:
where, VWS 2−1 is vertical wind shear between lower level (1) and upper level (2); u 2 , u 1 indicate zonal component of wind at (2) and (1), respectively; v 2 , v 1 indicate meridional component of wind at (2) and (1), respectively; z 2 , z 1 indicate height of (2) and (1), respectively. Thunderstorm events having wind profile up to 200 hPa are considered for computation of mean vertical wind shear in atmospheric layer (surface to 700 hPa and 500 hPa to 200 hPa). We define mean low layer wind shear (LLWS) per km as the average of vertical wind shear in all layers between surface and 700 hPa. Similarly, we define mean upper layer wind shear (ULWS) per km as the average of vertical wind shear in all layers between 500 and 200 hPa. Generally, vertical speed shear and vertical directional shear influence development of the thunderstorm. The zonal (u) and meridional (v) components of wind between surface to 700 hPa and 500 hPa to 200 hPa are considered to account both vertical speed shear and vertical directional shear. The vertical wind shear can be taken as a suitable stability index to
